Non-technical skills are the cognitive and interpersonal behaviours that compliment clinical competence in surgery. Effective use of non-technical skills is essential for scrub practice, because they facilitate anticipation of the surgeon's requirements and promote appropriate communication behaviours. This literature review analyses the factors that may influence a scrub practitioner's use of non-technical skills during surgery. Recommendations are made that are intended to improve their use by reducing behavioural variations during surgery.
Background
There is now acceptance that attainment of the optimal outcome for the surgical patient is dependent on the operating room team's competent use of conventional technical skills and effective use of non-technical skills (NTS) (Sevdalis et al 2012) . NTS are cognitive behaviours that include situational awareness and decision making, and also interpersonal skills that include communication and teamwork (Flin et al 2008) . Although the scrub practitioner's (SP) role during surgery requires the effective use of NTS to anticipate the surgeon's needs and timely communication to clarify any uncertainty, they are developed on a tacit basis (Mitchell & Flin 2008) . Consequently, the failure to recognise the influence of NTS on behaviours during surgery results in a high frequency of minor non-technical errors that require additional cognitive and interpersonal resources to prevent a serious untoward incident (Catchpole et al 2008) .
Effective use of NTS by SPs has been empirically measured as a contributory factor that improves the performance of the whole surgical team (McCulloch et al 2009 , Morgan et al 2014a . However, SPs are frequently unable to consistently apply NTS effectively to compensate for other team members' deficits (Robertson et al 2014) . This inability to apply NTS at a consistently effective level appears to have multiple causal factors that originate within the wider surgical team. Rather than the highly integrated level of teamwork one might expect to experience during surgery, Phitayahorn et al (2015) suggested that the outcomes each individual team member must accomplish result in practitioners working in isolation from their colleagues, despite sharing the same overarching aims. SPs also possess lower baseline NTS capabilities when compared with their medical colleagues (Gillespie et al 2017) and these capabilities are further degraded when membership of surgical teams is inconsistent (Kang et al 2015) .
The aim of this literature review is to analyse the factors that affect the ability of SPs to consistently apply NTS effectively. Its specific objectives are to analyse the interpersonal, intrapersonal and environmental factors that might affect SP NTS behaviours and how SPs respond to those factors. The search identified 2502 titles and abstracts, which were reviewed. The primary screening inclusion criterion was primary research undertaken during the perioperative period. Secondary research that described the perioperative period was also included to add context to the background section. Primary and secondary research or articles addressing simulation, leadership and management, educational or therapeutic interventions were excluded at primary screening. Two potentially relevant papers were also excluded because they were unavailable in English. In total, 2275 papers were excluded.
Literature search strategies
The secondary screening process reviewed 227 papers. The secondary inclusion criteria were qualitative research that explored the societal context of surgery and quantitative observational research that measured SP NTS behaviours during surgery. Papers that described the intraoperative period but did not refer to the SP were excluded. Secondary research, empirical research on pre-and postoperative debriefings and questionnaire research were also excluded at this stage. One hundred seventy-one papers were excluded and 56 papers met the inclusion criteria. Forty-four papers were included in the final literature review after removal of duplications (see Figure 1 ).
Results
Three major themes emerged (see Figure 2 ). These were:
• naïve knowledge • techno-social context of surgery • status asymmetry
Naïve knowledge
SPs use NTS to facilitate their ability to respond to changing circumstances during surgery. Despite the fundamental nature of these skills, practitioners may not be able to explicitly state how they utilise NTS. Instead, their use is derived from a tacit awareness of how to behave during surgery (Mitchell & Flin 2008) . Although tacit knowledge is a valid means of informing actions, its formation is dependent on an individual's previous exposure to a situation. Consequently, individuals may naively apply their interpretation of an appropriate reaction to situations and behaviours they experience (Foucault 1980) . The literature review found that SPs reconstructed situations they had previously experienced to mediate effective reactions during surgery. This knowledge was found to be influenced by two factors: tacit knowledge and memory based-knowledge.
Tacit knowledge
The social environment of surgery appears to contribute to the accumulation of tacit knowledge of clinical situations that informs a practitioner's situational awareness. An ethnographic study conducted by Riley and Manias (2006) that explored time management during surgery suggested that tacit knowledge has limited practical use if individuals have limited experience of a specific surgeon or surgical procedure. Consequently, practitioners may prepare for surgery by recalling similar procedures they have previously experienced to inform their actions during forthcoming procedures.
The limitations of tacit knowledge of behaviours was emphasised in an interview study that explored the behavioural patterns of disruptive surgeons (Cochran & Elder 2015) . Practitioner self-efficacy was found to be eroded when surgeons displayed inappropriate behaviours. These behaviours resulted in reduced technical competence with a corresponding increase in errors. Rather than demonstrating a positive response to adversity, practitioners attempted to placate surgeons by becoming introverted (Cochran & Elder 2015) . Introversion reduced the SP's ability to influence behaviours that affect their practice, and the practice of others. Failure to develop an explicit awareness of the symbiotic relationship between appropriate behaviours in adversity, technical competence and self-efficacy isolates these conditions from each other and may perpetuate the use of inappropriate behaviours towards SPs by surgeons (Rogers et al 2011).
Memory-based knowledge
SPs rely on memory-based knowledge to recall protocols that underpin practice. In a qualitative interview study that explored communication patterns, Gillespie et al (2010a) suggested that memory-based knowledge is essential because practitioners must apply the appropriate policy to the appropriate clinical situation, whilst simultaneously monitoring their colleagues' compliance with policies. In a qualitative interview study that explored how surgical teams adapt to changing circumstances, participants suggested that memory-based knowledge is taught by supervising inexperienced practitioners and assigning appropriate tasks to their level of ability (Bogdanovic et al 2015) . However, in the absence of a previous exposure to a similar procedure, cues that inform situational assessment may be missed or misinterpreted and result in an increase in the frequency of errors and omissions during instrument provision (Halverson et al 2011) . Experienced practitioners are also fallible to this type of error. Gillespie et al (2009) found that when communication channels were unused, experienced practitioners encountered difficulty applying their existing knowledge to new procedures and surgeons. Team co-ordination was perceived as being disrupted, with a corresponding reduction in efficiency.
Memory-based knowledge affects NTS because its application is situational and dependent on exposure to previous similar experiences. Development of memorybased knowledge reduces the necessity to communicate because situational awareness develops an understanding of the team's objectives. However, the void that ensues in the absence of memory-based knowledge affects team co-ordination because communication channels are unused.
Techno-social context of surgery
Surgical teams that are consistently staffed by the same team members allow SPs to become familiar with individual surgeons and to develop an ability to interpret non-verbal indicators during surgery that complement technical competence. However, familiarity may also result in the establishment of social hierarchies that are not conducive for interprofessional working during surgery. Bjorn and Bostrom (2008) described these as informal`quasi-social' relationships. However,`quasiprofessional socialisation' is a more appropriate descriptor because the literature review found that SPs were frequently excluded from communications by surgeons and only included when the surgeon perceived it to be appropriate.
Technical competence
A practitioner's position in relation to the surgeon's position can improve their direction of gaze with corresponding improvements in their surgical activities. Korkiakangas et al. (2014) found that subtle changes of instrument trolley positioning allowed closer observation of a surgeon's reactions. Subtle positioning changes also allowed experienced practitioners to prioritise observation of the surgical incision, whilst excluding potentially distracting aspects of the clinical environment (p 0.0001) (Koh et al 2011) . Focussed observation increases situational awareness by allowing practitioners to pre-empt a surgeon's requirements. Zheng et al (2009) found that SPs with more than two years of experience provided a higher frequency of preemptive assistance than inexperienced colleagues (p ¼ 0.008). Reactive assistance may result in increased inefficiencies because the novice practitioner has to interpret a verbal request, locate and then provide the instrumentation.
Accelerating the development of a novice's technical skills to improve the flow of surgical activity is regarded as a priority by surgeons and SPs. In a study that explored how post-qualification education affected relationships with surgeons, Tame (2013) 
Status asymmetry
Bleakley et al (2013) described the concept of status asymmetry during surgery that resulted from the effect of professional hierarchies. These hierarchies result in individuals of lower hierarchal status being less able to influence decision making. The review suggested that these imbalances generated both intraprofessional and interprofessional dissonance.
Intraprofessional dissonance
The review findings suggest that attitudes of experienced SPs towards novices affect intraprofessional relations by reducing team cohesion. Novices' clinical competence develops with assistance from their preceptors. Intraprofessional tensions originate from frustrations generated when preceptors perceived that preceptees were unable to apply their existing knowledge to new situations (Gillespie et al 2009). Preceptors may also withhold knowledge as a strategy that ensures the preceptee constructs their learning from negative experiences (Riley et al 2006) . In an interview study by Rowlands and Steeves (2010) that analysed the factors that contributed to incorrect surgical counts, one novice SP perceived that their preceptor's covert manipulation of these negative experiences affected the surgeon's perception of the novice's clinical competency. These findings suggest that preceptors may purposefully choose when to give or withhold appropriate clinical support to their novice colleagues and that this choice may be based on the personal qualities of the mentor, rather than from assessment of the clinical situation.
Interprofessional dissonance
Surgical team members recognise that development of a team culture conducive to interprofessional collaboration during surgery is frequently difficult to attain (Undre et al 2006) . Gillespie et al (2012) observed that when team membership was inconsistent, the resulting unfamiliarity contributed to increased frequency of miscommunications (p < 0.01). Consequently, the resulting surgical culture reduces collaboration and some surgeons may resort to the use of abrasive functional leadership styles to achieve their intended objectives (Rogers et al 2011).
A qualitative interview study that explored the factors that constrain safety during surgery found that practitioners experienced increased levels of stress under these adverse conditions (Espin et al 2006) . Consequently, surgical teams that continue to experience similar conditions develop strategies that act as buffers against the threat of error. Gillespie et al (2013) observed that SPs do this by developing an ability to judge the mood of the surgeon and then adjusting their behaviours correspondingly. However, this behaviour may cause the SP to reduce or withdraw communication in an attempt to prevent confrontation with surgeons (Henrickson Parker et al 2012) .
Discussion
Ajzen's theory of planned behaviour (1991) states that for past behaviour of a person to be an accurate predictor of their future behaviour, the factors that affect their behaviour must remain unchanged. The findings of this review suggest that the factors that affect the use of NTS behaviours by SPs are multi-causal, dynamic in their origin and may be continually present in the surgical environment. Consequently, the NTS behaviours of practitioners may continue to be variable due to the unique context of each surgical procedure. Any changes to practice should aim to provide the conditions that reduce behavioural variation by SPs and their colleagues during surgical procedures.
Interventions that could be considered include coaching of SPs and standardisation of practice and procedures during surgery (see Figure 3) . However, the presence of professional team coaches is financially unsustainable for health organisations (Gillespie et al 2010b) . The presence of a professional team coach may also cause a temporary`Hawthorne' effect of improved NTS behaviours that is not sustained after the team coach is withdrawn from the clinical area (Morgan et al 2014a).
Team coaches or mentors
As an alternative, operating department managers should consider training experienced SPs to assume the visible role of`coach' to mentor and support inexperienced practitioners, or to provide support for experienced practitioners during complex surgical procedures. This role should also include the provision of constructive feedback to the practitioner on positive aspects of their performance, whilst highlighting areas for improvement. To enable this, operating departments should be prepared to invest in the development of practitioners in this role. The`coach' should receive training that allows them to develop explicit awareness of the contribution of NTS to clinical practice and to develop communication skills to feedback their observations of their colleagues' NTS behaviours.
National Safety Standards for Invasive Procedures
In addition to the absence of formalised NTS training, there is often an absence of formalised training in the conduct of the swab count. This results in practitioners inconsistently applying swab count policies due to discrepant perceptions regarding who has ultimate responsibility for the process (D'Lima et al 2014).
The National Safety Standards for Invasive Procedures have been devised and published with the intention of reducing inconsistent application of fundamental safeguards during surgery and of protecting patients from unintentional harm (National Health Service England 2015). These standards recognise key stages during surgery that are vulnerable to task interruption, or behaviours that may compromise patient safety. Their purpose is to improve interprofessional communication and increase situational awareness during surgery. However, many of these recommendations were already in place in the form of local policies (National Health Service England 2015).
Policy review and implementation
The inadequacies of local policies may just be one cause for error generation; the literature review suggests that the equilibrium between the factors that affect NTS is also a contributory cause of errors. National Health Service England (2015) suggested that existing policies and standard operating procedures (SOPs) should be reviewed through a consultation process involving all professional groups involved in surgery prior to their implementation. However, the design of SOPs by practitioners using those standards may not necessarily 
